S
trongyloides stercoralis infection is a common cause of morbidity and mortality throughout the world, particularly in developing countries, where more than a hundred million are estimated to have chronic infection. 1, 2 Death from strongyloides is primarily due to hyperinfection or disseminated disease. 1, 3 Hyperinfection occurs when the parasite load increases and rhabditiform larvae penetrate the bowel mucosa. Hyperinfection implies confinement of the strongyloides larvae to the organs normally involved in the pulmonary autoinfection cycle (ie, GI tract, lungs, and peritoneum). Strongyloides dissemination is defined as larvae migrating to end organs not usually involved in the normal cycle of the parasite, such as brain and skin. 4 Gram-negative sepsis and meningitis can occur because strongyloides larvae facilitate the invasion of enteric bacteria through the bowel mucosa into the host's circulation. Although this is classically viewed as an infectious disease issue, these patients will frequently present with severe respiratory distress or Gram-negative sepsis to a pulmonology or intensive care specialist in the ICU.
Strongyloidiasis hyperinfection may occur years after exposure as a result of the unique ability of strongyloides to autoinfect the host without an obligatory external portion of the life cycle. 5, 6 Two cases of hyperinfection/dissemination occurring Ͼ 50 years after last known host exposure in an endemic area were recently reported. 6, 7 Although antecedent treatment with corticosteroids accounts for a majority of reported cases, 6, 8, 9 there have been numerous case reports 10, 11 of strongyloides hyperinfection as a result of chemotherapeutic agents used in the treatment of cancer 8 and HIV.
Originally reported in 1966, the first large case series 12 of the syndrome of disseminated S stercoralis was published in 1978 from Thailand. The mortality rate of 61 to 85% 1,12 may be an overestimate, as it was derived from the accumulation of single published case reports. We report nine cases of strongyloides hyperinfection or dissemination presenting to two county hospitals in Minneapolis and St. Paul, MN. 
Materials and Methods

Results
S stercoralis larvae were identified in nine patients with a clinical syndrome consistent either with hyperinfection syndrome or dissemination. Larvae were found in the stool (n ϭ 9), sputum (n ϭ 7), and skin (n ϭ 1) [Fig 1, 2] . Demographics of the patients with strongyloides hyperinfection/dissemination are presented in Table 1 . Adult-onset asthma was diagnosed in six patients 6 months to 10 years prior to presentation.
Eight patients presented with acute pulmonary symptoms, including wheezing, shortness of breath, and pleuritic chest pain. One patient was admitted with an FEV 1 /FVC ratio of 80% that changed to 100% 10 months after treatment. Another patient had an initial peak flow of 200 L/min on hospital admission; this increased to 325 L/min at the time of discharge. All patients had normal chest radiographic findings on presentation, but five patients acquired bilateral, patchy infiltrates during hospitalization. One patient acquired bilateral pleural effusions. All five patients with abnormal chest radiographic findings required intubation and mechanical ventilation. Eight patients had associated GI symptoms, including abdominal pain, nausea and vomiting. Skin rashes ranging from urticarial to an abdominal mac- ular rash were present in five of the nine cases. The eosinophil count was Ͻ 500/L in seven patients and Ͻ 400/L in four patients. In seven patients, sputum microscopy revealed S stercoralis larvae. In two of the seven patients, S stercoralis larvae were also identified on BAL. Evidence of right-heart strain, either on ECG or echocardiography, was present in four patients. This finding can be misleading on presentation. In fact, two patients underwent evaluation for acute pulmonary embolism prior to the diagnosis of strongyloides hyperinfection.
Three patients died (33% mortality). In all three deaths, no eosinophilia was present (cells Ͻ 400/ L). Thiabendazole treatment was administered to six patients, while two patients received ivermectin. One patient had no treatment documented. The duration of treatment ranged from 3 to 18 days. Complicating infections occurred in four patients and included bacteremia and Escherichia coli meningitis, Klebsiella pneumonia, Proteus mirabilis bacteremia, and Enterobacter cloacae pneumonia.
Discussion
Strongyloides hyperinfection may mimic new-onset asthma or an exacerbation of asthma, COPD, or pulmonary embolism. In fact, four patients in this series had ECG or echocardiographic findings suggestive of acute pulmonary embolism, and two patients had this diagnosis investigated at initial presentation; this has not been reported previously. In adults from endemic areas presenting with acuteonset asthma or other acute pulmonary symptoms, strongyloides should be considered as a potential etiology.
Although eosinophilia is a common finding in patients with chronic strongyloides infection, 1, 10 it is an unreliable predictor of hyperinfection. The lack of eosinophilia (Ͼ 400/L) while receiving immunosuppressant therapy cannot reliably exclude underlying chronic strongyloides infection. 13 Minneapolis/St. Paul has a large refugee and immigrant populations from many endemic areas for strongyloides (East and West Africa, Eastern Europe, countries of the former Soviet Union, and Latin America), but two other large case series have documented disseminated strongyloidiasis: one series 6 described seven patients from Thailand, and the other study, 12 in a nonendemic setting, found that 30% of patients were of Southeast Asian heritage while another 60% had immigrated from the Caribbean. All patients in this case series were of Southeast Asian descent, predominantly of Laotian (Hmong) heritage. Endemic areas also exist in the United States, most notably in West Virginia, and this diagnosis must be considered in any patient presenting with consistent symptoms who resided in endemic areas.
Conclusion
Given the serious complications of strongyloides hyperinfection and dissemination, clinicians must maintain a high level of suspicion for patients from endemic areas presenting with new-onset wheezing, acute respiratory distress, and/or Gram-negative sepsis. Diagnosis may be established through sputum or stool examination for S stercoralis larvae. Elevated eosinophil counts may fail to identify those at highest risk of mortality. In the acute setting, particularly in a patient of Southeast Asian origin with acute respiratory distress complicated by Gram-negative infection, patients should be tested and treated for strongyloides regardless of peripheral eosinophil count or duration of residence outside an endemic area. Serologic studies, although sensitive, 14 may delay diagnosis and should be used only as confirmation in a severely ill patient.
